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Microbes 

Our	  overall	  goals	  are	  to:	  
	  
•  Reconstruct	  and	  predict	  metabolic	  and	  	  

gene	  expression	  regulatory	  networks	  to	  	  
manipulate	  microbial	  func:on	  

•  Vastly	  increase	  the	  capability	  of	  the	  
	  scien:fic	  community	  to	  communicate	  	  
and	  u:lize	  their	  exis:ng	  data	  

•  Enable	  the	  planning	  of	  effec:ve	  	  
experiments	  and	  maximizing	  	  
understanding	  of	  microbial	  system	  func:on	  
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Microbes 
We	  propose	  to	  do	  this	  by:	  
	  
•  Annota:ng	  genomes	  and	  assigning	  	  

confidence	  

•  Reconstruc:ng	  metabolism	  	  
and	  op:mizing	  for	  func:on	  

•  Reconstruc:ng	  regula:on	  and	  assessing	  	  
agreement	  with	  expression	  data	  

•  Integra:ng	  and	  standardizing	  -‐omics	  data	  
from	  mul:ple	  data	  sources	  

•  Construc:ng	  models	  of	  microbial	  organisms	  
and	  interlinking	  models	  with	  data	  
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Microbes Demos 

Within	  13	  months,	  we	  will	  be	  able	  to	  demonstrate	  use	  of	  the	  
following:	  
	  
•  Data	  integra:on	  and	  data	  model	  
•  Next	  genera:on	  organism	  pages	  
•  Phylogene:c	  tree	  services	  
•  Next	  genera:on	  gene	  pages	  
•  Metabolic	  modeling	  
•  Regulatory/Transcrip:onal	  networks	  

A	  microbiologist	  with	  a	  genome	  sequence	  and	  
phenotypic	  growth	  data	  will	  be	  able	  to	  create	  a	  
metabolic	  model	  fully	  reconciled	  with	  the	  data.	  
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Chip-‐chip	  Binding	  sites	  

Experiment	  Evidence	  Type	  Data	  

Genome	  sequences	  

Transcriptomics	   Metabolomics	  

Growth	  curves	  

Flux	  tracing	  

Numerous	  experimental	  data-‐types	  will	  be	  integrated	  to	  support	  
model	  fiOng	  and	  valida:on.	  

Proteomics	  

Growth	  phenotypes	  

Use	  experiences	  

Web	  API	  

Web	  GUI	  

Experimental	  and	  Genomic	  Data	  

Assembly	   Annota:on	  

Metabolic	  	  
Model	  

Regulon	  
predic:on	  

Regulatory	  
model	  

Reconciled	  
Model	  

Integrated	  
model	  

Hypotheses	  

Phenotype	  
predic:ons	  

Pathway	  
designs	  

Flux	  
predic:ons	  

Genomes	  

Transcriptomics	   Metabolomics	  

Growth	  curves	  

Proteomics	   Growth	  phenotypes	  

Compute	   Central	  Store	   User	  store	  Web	  services	  

IRIS	  

GLAMM	  

Infrastructure	  

DOE	  Knowledgebase	  
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Annota:on	  
algorithms	  

DOE	  Knowledge	  Base:	  an	  example	  workflow	  

Regulatory	  
network	  
inference	  

FiOng	  kine:c	  
model	  

parameters	  

DNA	  replicaRon	  

transcripRon	  

translaRon	  protein	  	  
folding	  

Genome	  Sequence	  

Annotated	  Genome	  

Brenda	  
BioCyc	  
Published	  
models	  

KEGG	  

Metabolic	  
model	  

genera:on	  

KBase	  Tool	  IntegraRon	  

KBase	  Data	  IntegraRon	  Transcriptomics	  

Proposing	  
strain	  

op:miza:ons	  

Metabolomics	  

Proteomics	  

Other	  
func:onal	  
modeling	  
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algorithms	  

Growth	  curves	  

Predic:ng	  
pathway	  fluxes	  

Flux	  tracing	  experiments	  

Biomass	   Biofuel	  

Compara:ve	  
Genomics	  

Feed	  Stock	  

Stresses	  
Hydrolysate,	  
pH,	  Salt,	  

End	  product,	  
intermediates	  

RegulaRon	  

Biomass	  
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Experimental	  Data	  

Reference	  genomes	  
and	  metagenomes	  

AnnotaRons,	  metabolic	  
models,	  regulatory	  

models	  

Quality	  control	  tools	   Data	  fiWng	  
tools	  

Experimental	  
design	  tools	  

Data	  
interpretaRon	  

tools	  

AnnotaRon	  
algorithms	  

Model	  
simulaRon	  

Model	  
reconstrucRon	  
algorithms	  

VisualizaRon	  tools	  

Data	  refinement/mapping	  
tools	  

Mapping	  data	  
to	  genomes	  
and	  features	  

IdenRfying	  genomes	  
requiring	  deeper	  

analysis	  

Sequence	  
comparison	  

PhylogeneRc	  
trees	  

Genome	  
assembly	  

Model	  
comparison	  

Model	  
visualizaRon	  

Increasing Need for Integration of Data/Tools 
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Annota:on	  
algorithms	  

Example	  Microbial	  Workflow	  
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Emerging Trends in Bioinformatics 
Increasing	  Scale	  of	  Experiments	  
•  JBEI	  Enigma	  project	  performing	  genome-‐wides	  transposon	  

mutagenesis	  in	  hundreds	  of	  growth	  condi:ons	  
•  Large-‐scale	  iden:fica:on	  of	  viable	  genes	  in	  growth	  condi:ons	  
•  300,000+	  phenotypes	  per	  genome	  
•  10,000+	  of	  growth	  curves	  in	  hundreds	  of	  condi:ons	  

•  UMN	  and	  ANL	  culturing	  and	  sequencing	  100s	  of	  soil	  microbes	  
•  Mul:ple	  growth	  curves	  for	  each	  microbe	  
•  Biolog	  phenotype	  arrays	  for	  each	  microbe	  
•  All	  genomes	  will	  be	  assembled,	  annotated,	  modeled,	  and	  

reconciled	  

•  Over	  600	  designed	  strains	  of	  B.	  sub'lis	  knocking	  out	  all	  
dispensable	  regions	  of	  the	  genome	  
•  35%	  of	  the	  genome	  knocked	  out	  
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Emerging Trends in Bioinformatics 
Increasing	  Scale	  of	  Available	  Reference	  Data	  and	  Models	  

•  Over	  4000	  public	  prokaryo:c	  genome	  sequences	  in	  GenBank	  
•  	  50,000	  private	  genomes	  processed	  through	  RAST	  
•  Over	  15,000	  metabolic	  models	  constructed	  in	  the	  Model	  SEED	  
•  Enabling	  compara:ve	  analysis	  at	  a	  scale	  never	  before	  possible	  
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